INTRODUCTION
The use of medicinal plants in the treatment of diseases and dysfunctions extends to a few thousands of years back and greatly ccontributed to the development of pharmaceutical products. About 25% of modern medicines come from plants. In addition, up to 60% of the world's population is using herbal active ingredients for medical purposes (The Royal Society, 1999). The World Health Organization encourages use medicinal plants and calls on scientists to define the rational use of medicinal plant products as a source of new drugs (WHO, 2002) . Several extracts of these plants are currently being used on treatment of male infertility aspects, such as: absence of libido, sexual asthenia, erectile, ejaculation and relaxation dysfunction and sperm abnormality (Kandeel, 2001) . Many plants traditionallly used in the treatment of male infertility has stimulatory effects on testosterone production. The mixture of Hibiscus macranthus and Basella alba extracts stimulated testosterone production in adult males, therefore, these extracts were used to treat sexual asthenia (Moundipa, 1999) . The Lepidium meyenii extract activated the beginning and progression of spermatogenesis in healthy rats. Concomitant administration with lead acetate reduced the harmful effect on sperm production caused by chemical (Rubio, 2006) . Pomegranate juice (Punica granatum), which was administered to healthy rats, increased sperm concentration in the mandible, sperm motility, spermatogenic cell density, increased the diameter of the seminal vesicles and the germ cell thickness (Lin, 2007) . Leaves of Origanum are part of not only traditionally, but also official medicine. Silica must contain at least 60% of carvacrol and thymol. The drug is sorted into a pharmaceutical groups of phytopharmaceuticals, in particular expectorants and choleretics. The buffering effects are used at nervousness, headaches or migraines, when the overall relaxation is induced and improves mood (Blumenthal, 1998) . Moreover, side effects were not observed even for long-term administration. However, pregnant women should preventively avoid, as it can stimulate contractions of the uterus and induce premature birth or miscarriage (Baričevič, 2002) . Several studies were executed to prove radical-scavenging properties the origanum extract, especially 4- Based on these findings, which are proving wide-spectrum benefitial effects on biological system, we decided to determine phenolic acids and flavonoids in Origanum vulgare plant extract. Second part of our experiment was to evaluate in vitro effect of the extract on rabbit spermatozoa. The samples were subjected to basic semen analysis -sperm motility, subsequently vitality of spermatozoa was determined through mitochondrial activity and quantity of reactive oxygen species was analysed.
MATERIAL AND METHODS

Plant material collection and processing
The Origanum leaves were harvested at the Botanical Garden of the Slovak University of Agriculture in Nitra, Slovakia at the end of July 2016. Leaves were dried, crushed, weighed and soaked in ethanol (96 %, Centralchem, Bratislava, Slovakia) during two weeks at room temperature in the dark in order to prevent the degradation of active biomolecules. To remove any residual ethanol were the ethanolic extracts subjected to evaporation under reduced pressure at 40 °C (Stuart RE300DB rotary evaporator, Bibby Scientific Limited, UK, and vacuum pump KNF N838.1. 2KT.45.18, KNF, Germany) . Crude extracts were dissolved in DMSO (Dimethyl sulfoxide; Sigma-Aldrich, St. Louis, USA) and adjusted to 100 mg/mL as stock solution. For the composition analysis, the leaves were freeze dried, milled and dissolved in 10 mL 80% aqueous methanol (HPLC grade; Sigma-Aldrich) to 1 g of each sample. The mixtures were shaken on a horizontal shaker (250 rpm) at room temperature for 8h. The samples were then filtered through filter paper (84 g/m 2 ; Munktell, Germany) and kept at 5 °C for further analysis.
HPLC-DAD analysis
Standards, methanol (HPLC grade), acetonitrile (gradient HPLC grade) and phosphoric acid (ACS grade) were purchased from Sigma-Aldrich. Double deionized water (ddH2O) was treated (0.054 mS/cm1) in a Simplicity 185 purification system (Millipore SAS, Molsheim, France). Standard solutions were prepared by dissolving 0.5 mg each of them with methanol in 10 mL. Following homogenisation the lyophilized samples (2 g) Origanum vulgare is a medicinal and aromatic plant that has found its use all over the world. Male reproduction involves complicated morphological and physiological processes such as spermatogenesis and gamete transport into the male genital organs. The aim of this study is focused on the in vitro effect of the Origamium vulgaris on the motility, vitality and evaluation of the formation of free radicals. The heterospermic rabbit samples were diluted with culture medium supplemented with the extract of Origamium vulgaris at concentrations of 37.5; 75; 150 and 300 μg/mL evaluated at time intervals of 0, 2 and 8h. Selected chemical compounds were determined through HPLC-DAD method. From the analysed phenolic acids, rosmarinic acid was the predominant component, from flavonoids it was Cynarosid. Sperm motility was analysed using CASA (Computer-aided Sperm Analysis). The viability was analysed by the MTT (Mitochondrial Toxicity Test) test. The determination of ROS (Reactive Oxygen Species) quantity was observed through luminol method. The results showed significant decreases of motility and viability at concentrations of 300 and 150 μg/mL in various time periods and the ROS quantity was without any significant differences during all the experiment. We conclude that chemical composition of the Origanum extract may damage structure and function of spermatozoa. Based on this findings, we did not suggest the Origanum extract as a supplement in spermatozoa medium.
were extracted with 20 mL of 80% methanol at laboratory temperature for 8h by horizontal shaker (Unimax 2010; Heidolph Instrument GmbH, Germany). The extract was filtered through Munktell No 390 paper (Munktell & Filtrac, Germany) and stored in closed 20 mL vial tubes. Prior to injection the standard solutions and extracts were filtered through the Q-Max syringe filter (0.22 mm, 25 mm; Frisenette ApS, Knebel, Denmark). Chemical composition of the Origanum extract was determined using the Agilent 1260 Infinity high performance liquid chromatograph (Agilent Technologies, Waldbronn, Germany) with quaternary solvent manager coupled with degasser (G1311B), sample manager (G1329B), column manager (G1316A) and DAD detector (G1315C). All HPLC analyses were performed on a Purosphere reverse phase C18 column (4 mm x 250 mm x 5 mm) (Merck, KGaA, Darmstadt, Germany). The mobile phase consisted of acetonitrile (gradient) (A) and 0.1% phosphoric acid in ddH2O (B). The gradient elution was as follows: 0-1 min isocratic elution (20% A and 80% B), 1-5 min linear gradient elution (25% A and 75% B), 5-15 min (30% A and 70% B) and 20-25 min (40% A and 60% B). The initial flow rate was 1 mL/min1 and the injection volume was 10 mL. Column oven temperature was set up to 30 °C and the samples were kept at 4 °C in the sample manager. The data were collected and processed using the Agilent OpenLab ChemStation software for LC 3D Systems (Lukšič et al., 2016) .
Semen sample collection and processing
Ejaculates (n = 20) were obtained from 10 adult healthy New Zealand rabbits (Research Institute For Animal Production, Nitra, Slovak Republic) using an artificial vagina. The semen samples were transported to the laboratory in thermos due to keeping the constant temperature. To get enough of the sample volume for the control and experimental groups, were selected semen samples mixed to create heterospermic sample with a volume of 4 mL. The selection of the semen samples was based on the sperm quality parametres (minimum 70% motility and sperm concentration of 1 × 10 9 sperm/mL), subsequently these samples were used for the experiments. Institutional and national guidelines for the care and use of animals were followed, and all experimental procedures were approved by the State Veterinary and Food Institute of Slovak Republic (no. 3398/11-221/3) and Ethics Committee. Each sample was diluted in PBS (Dulbecco's Phosphate Buffer Saline without calcium chloride and magnesium chloride; Sigma-Aldrich) containing various concentrations of the Origanum extract (300; 150; 75; 37.5 μg/mL) using a dilution ratio of 1:40. The samples were cultured at laboratory temperature (22-25°C). After culture periods of 0, 2 and 8h, spermatozoa motility, mitochondrial activity and reactive oxygen species (ROS) production were assessed in each group.
Spermatozoa motility analysis
Spermatozoa motion were assessed using the computer-aided sperm analysis (CASA; Version 14.0 TOX IVOS II.; Hamilton-Thorne Biosciences, Beverly, MA, USA). The system was set up as follows: frame rate -60 Hz; minimum contrast -20; static head size -0.25-5.00; static head intensity -0.40-2.00; static elongation -20-100; default cell size -4 pixels; default cell intensity -40. Ten μL of each sample were placed into the Makler counting chamber (depth 10μm, 37 °C; Sefi Medical Instruments, Haifa, Israel) and immediately assessed for spermatozoa motility (MOT; percentage of motile spermatozoa; motility >5 m/s; %). Ten microscopic fields were subjected to each analysis to include at least 300 cells.
Mitochondrial activity (MTT test)
Spermatozoa mitochondrial activity was assessed using the colorimetric metabolic activity (MTT) test, which is based on the conversion of a yellow tetrazolium salt (3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; MTT) to blue formazan particles by mitochondrial succinate dehydrogenase of intact mitochondria within living cells. The tetrazolium salt (Sigma-Aldrich) was dissolved in PBS (Dulbecco's Phosphate Buffer Saline without calcium chloride and magnesium chloride; Sigma-Aldrich) at 5 mg/mL. Twenty μL of the tetrazolium solution was added to each sample. After a 2 h incubation (shaker, 37 °C, 95 % air atmosphere, 5 % CO2), the formazan crystals were dissolved in 80 μL of acidified (0.08 mol/L HCl; Centralchem) isopropanol (Centralchem). Optical density was determined at a wavelength of 570 nm against 620 nm as reference using a Multiskan FC microplate photometer (Thermo Fisher Scientific Inc., Waltham, MA, USA). Data are expressed as percentage of the control set to 100 %.
Reactive oxygen species (ROS) generation
ROS production in each group was analysed by the chemiluminescence assay using luminol (5-amino-2,3-dihydro-1,4-phthalazinedione; Sigma-Aldrich) as the probe (Kashou et al., 2013) . The blank consisted of 400 μL of PBS. Negative control contained 400 μL of PBS, luminol (10 μL, 5mM) and positive control contained extra 25 μL of hydrogen peroxide (30%; 8.8 M; Sigma-Aldrich). The tested control and experimental samples consisted of 400 μL of sample and luminol. Chemiluminescence was measured on 48-well plates in 15 cycles of 1 min using the Glomax Multi + Combined Spectro-Fluoro Luminometer (Promega Corporation, Madison, WI, USA). The results are exppressed as relative light units (RLU)/s/10 6 spermatozoa cells.
Statistical analysis
Statistical analysis was carried out using the GraphPad Prism program (version 3.02 for Windows; GraphPad Software, La Jolla, CA, USA, http://www.graphpad.com). Descriptive statistical characteristics (mean, standard error) were evaluated at first. One-way ANOVA was used for specific statistical evaluations. Dunnett's test was applied as a follow-up test to ANOVA, based on a comparison of every mean to a control mean, and computing a confidence interval for the difference between the two means. The level of significance was set at *** -P < 0.001, ** -P < 0.01, * -P < 0.05.
RESULTS AND DISCUSSION
The aim of present study was to investigate samples of rabbit ejaculates exposed to different concentrations (300, 150, 75 and 37.5 μg/mL) of the Origanum extract in different time periods (0, 2 and 8h). From the results of our research, it is clear that the extract has no effect on motility or mitochondrial activity at low concentrations. Negative effects of higher concentrations were evident. High performance liquid chromatography (HPLC) was used for the identification and quantification of major chemical compounds present in the Origanum extract. The quantitative determination was performed by the external standard method and the concentrations of the identified compounds are showed in Table  1 . The main compound detected in the extract was Cynarosid (259.11±8.01 mg/kg). From the analyzed phenolic acids, rosmarinic acid, trans-caffeic acid, neochlorogenic acid, sinapinic acid, trans-ferulic, chlorogenic acid and trans-pcoumaric acid were quantified with the first being the most abundant (203.42±7.55 mg/kg). Six flavonoid glycosides, cynarosid, rutin, apigenin, kaempferol, vitexin and daidzein were found in the Origanum extract (Table 1) . The rabbit sperm motility analysis was performed using the CASA system. At the beginning of the experiment, the highest concentration of the Origanum vulgare extract (300 μg/mL) had an immediate negative effect on sperm motion characteristics as well as 150 μg/mL had a negative effect on sperm motility, but no statistically significant difference. Low concentrations of extract (75 and 37.5 μg/mL) did not affect on sperm motility with any significant difference. After 2h, there was established descending trend of sperm motility with increasing concentration of the Origanum extract. High concentrations strongly decreased motility, while low concentrations neither supported nor harmed sperm motility. Also after an eight-hour Origanum exposure to spermatozoa, were observed significant decreases in samples treated with high concentrations. Mitochondrial activity is directly linked to sperm motility, as mitochondria are the source of energy for movement of the sperm. Therefore, we decided to analyze effect of the Origanum extract on mitochondria viability. Initially, no significant differences were observed. After 2h, was observed a slight increase in the group treated with 37.5 μg/mL, when compared to Control. After 8h of incubation with the Origanum extract, the high concentrations significantly decreased mitochondrial viability. The stimulating effect of the Origanum extract did not manifest significantly in either one from time intervals. We cannot confirm positive effects of the Origanum extract on sperm vitality. Conversly, higher concentrations demonstrated an inhibitory effect on sperm viability. ROS quantification was performed due to high production may affect the plasma membrane of the sperm and then on functional integrity of the cell. Increased level of ROS leads to reduced motility and vitality. At 0h, we experienced a small increase in ROS production at higher concentrations (300 and 150 μg/mL). The difference was not statistically significant. At concentrations of 75 and 37.5 μg/mL, there was almost no effect. In the next stage of the experiment, at higher concentrations, there was also a slight increase in the ROS production without any significance. At lower concentrations, the increase was only very weak and as well as at higher concentrations, without any significance, when compared to Control. Surprisingly, even after 8h of extract exposure, there was no significant difference between Control and experimental groups. Therefore, we deduced that Origanum extract did not offer nor a stimulatory neither inhibitory effect with respect to oxidative stress. Sá et al. (2006) in their study analysed the effect of short-term administration of Origanum officinalis water extract on vital organs, organs of the reproductive system and on production of sperm of male Wistar rats. Adult males (90 days) weighing approximately 250 g, were randomly divided into three experimental groups. Then they were subjected to a 5-week reproductive toxicity test. Two experimental groups were administered once daily with 1 mL of the water extract with 291.2 mg/kg, while the third group was treate with a double dose (582.4 mg/kg). The control group recieved 1 mL of distilled water. Administration of a double dose resulted in a significant decrease in the weight of the seed vesicles, while the weight of the other analyzed organs was not significantly altered. The change in the weight of the reproductive organs is under hormonal control and therefore its change may indicate an impairment of reproductive endocrine functions. Any pituitary damage may interfere with the male reproductive system, which affects the production of sex steroid hormones and male gametes. Apart from the effect of the extract on the endocrine system, the adverse effect of the extract is also on the concentration of spermatozoa, which is a potential marker of toxicity. Preliminary assessment of the poslible reproductive toxicity of the Origanum extract administered to adult Wistar rats has shown an adverse effects on seminal vesicles, but indiccates that the adverse effects on the testes, the dendritic and the prostate are not toxic.
Figure 3
Development of ROS production in spermatozoa during 8h cultivation with the various concentrations of the Origanum extract Balubaid (2010) studied protective effect of Origanum majorana against the toxicity of cadmium chloride on testicular tissue of 60-day-old white rats. The cadmium treated group exhibited an imbalance in the structure and physiology of the testes. Spermatogenesis and spermiogenesis also resulted in degradation of spermatocytes, reduction of their concentration, deformation of their structure and low testosterone levels. The simultaneous administration of cadmiun and the Origanum extract reduced histopathological changes in tissue structure and balanced levels of testosterone. The author believes that the use of Origanum Majorana as a protective agent is safe and can icrease fertility in males. Chen et al. (2007) investigated the effect of the Origanum vulgare essential oil on the male reproductive organs of rats. The results of this studdy showed that essential oil reduced weight of the testes and caused damage to their tissues. At the highest dose there were metabolic disorders and decreased testosterone levels. The effect of essential oil on the testicles is also responsible for low sperm concentration and production of abnormal gametes.
CONCLUSION
In our study we focused on determination of chemical composition of the Origanum vulgare extract. The second part of this study was to examine the in vitro effect of the Origanum extract on male reproductive markers: spermatozoa motility, mitochondrial activity, quantification of ROS as a marker of oxidative stress, which is one of the essential threats influencing on the success of fertility. The results of our study showed that the Origanum extract had no significant effect on motility and mitochondrial activity at low concentrations (75 and 37.5 μg/mL). Negative effects of higher concentrations (300 and 150 μg/mL) are evident and have been demonstrated after 2h of exposure and persisted also after 8h. In the case of mitochondrial activity, the negative effect of higher concentrations was apparent after an 8h exposure. Unexpectedly, regarding the production of ROS neither one of the four concentrations did not show any significant effects in every time periods. We conclude that the Origanum vulgare extract contains cytotoxic substances that act inhibitory at high concentrations. By inhibiting mitochondrial activity and sperm motility, their viability decreases, resulting in irreversible structural and functional damage to male gametes. At low concentrations, the extract did not have any affect on male reproductive cells. Although, we did not suggest the Origanum extract as a potential storage medium, maybe more complex sperm analyses and in vivo experiments could explain more thoroughly the effect of the Origanum vulgare extract on male reproductive system.
